Abstract. A set of equations of ionization and thermal balance for the spherically-symmetric inhomogeneous atmospheres of WN stars has been solved. The atmosphere is assumed to consist of Hell, Helll, NIV and NV. It is shown that in the clumps, where density increases by two orders, the electron temperature decreases by three to five times.
Introduction
To explain the presence of spectral lines of ions having very different ionization potentials, the microvariability of spectral line profiles and other spectral line features in Wolf-Rayet (WR)-type stars, some authors have put forward an idea about the inhomogeneous character of the atmospheres of WR-type stars (Lamers et al. 1988; Moffat et al. 1988; Nugis 1986) . The hypothesis about the existence of dense clumps or shells in their atmospheres has been proposed on the grounds of investigations of the atmospheric structure of the binary system 444 Cyg (WN5+06I) (Cherepashchuk et al. 1984) . The ionization structure of the atmospheres of WR stars has been calculated by Antokhin et al. (1988) and Kholtygin (1988) . Solutions were obtained using a small empirical electron temperature gradient in the form: T e = (T* -1.2-10 the real temperature run in the atmosphere may be considerably different from this empirical law, especially in the clumps, where T e probably is significantly lower than in the intercloud medium.
To find the theoretical law T e (R), we have solved a set of ionization and thermal balance equations for the spherically-symmetric inhomogeneous atmospheres of WN-type stars. For solving these equations, we used the same procedure as proposed by Kholtygin (1988) . The size of the clumps was taken 8R = 0.1 R@ and the ratio of the density of a clump to the intercloud medium was taken to be p = 100 (Kholtygin 1988) . The calculations were carried out for two compositions of the atmosphere: for a pure helium atmosphere and for an atmosphere with the relative number Q of nitrogen atoms and 1 -Q of helium. We have accepted Q from 0.004 to 0.02 (Nugis 1986 ) and assumed the degree of ionization of helium atoms not to depend on the presence of nitrogen in the atmosphere.
Equations of ionization and thermal balance and a method of their solution
In agreement with the calculations by Antokhin et al. (1988) , it is supposed that in the intercloud medium the nitrogen ionization state is N +4 , while in the clouds it is N +3 . Thus, the ratio of concentrations N +3 /He in the clouds and N +4 /He outside the clouds will be constant and equal to Q/( 1 -Q). For the He + ions we adopted the model of two separate levels and continuum.
The notations we used are the following: n + is the concentration of ions He +2 , ni and n 2 are the populations of He + levels with the main quantum numbers n = 1 and n = 2, respectively. Thus, the equations of statistical equilibrium for individual ionization stages, for charge conservation and for particle number conservation for the ions of helium are: where P lc is the rate of photoionization from level i taking into account the presence of diffuse radiation; A 2 I,B 2 I, B\ 2 are the transition probabilities and 912,921 are the rates of collisional excitation and desactivation; a\ is the rate of radiative recombination on level 1 and «2 = St>2 further, n e is the electron concentration, n is the total concentration of atoms and ions of He; J\2 is the mean radiation intensity of the resonance spectral line between states 1 and 2. The radiation of the photosphere was assumed to be the Planckian one with temperature T». The set of equation (1) is to be completed by the thermal balance equation
Here T is the rate of heat obtained by the matter in the processes of photoionization of He and N ions, Lff and Lfb are the rates of energy loss by emission in the free-free transition and recombination processes of electrons, L co \\ is the rate of energy loss by collisionally excited ions of He and N due to electron impacts. These quantities can be presented in the form:
r= (ni P lc + n 2 p 2c 2)fcT*, The atom and ion concentrations at the boundary of a WN-type stellar atmosphere and its effective temperature T* = 9 • 10 4 K were adopted using the results by Cherepashchuk et al. (1984) for the WN5 component of a binary system V444 Cyg. The values of the transition probability 712 for He and N ions were taken from the paper by Gallagher and Pradhan (1985) , and the values for Pi c ,P2c were from Oskinova and Kholtygin (1993) .
Using the expressions for T,Lf[,Lfb given by Allen (1977) and Spitzer (1977) , we have found for Te » 10 4 K: <f>i = 0.73, (f>2 = 0.6, /i = 0.93, 8\2 -1.0 for He + and S\2 = 1.1 for nitrogen.
Let us describe the method of solution of the set of ionization and thermal balance equations (1 -4) . The atmosphere was divided into layers of thickness Sr = A(R/R* ) = 0.01. The set of equations (1) was solved by the method described by Kholtygin (1988) and the mean intensity of radiation J12 was taken in the Sobolev approximation (Sobolev 1986 ). Equation (4) for each layer Sr was solved iteratively and the initial value of x, was taken as the value obtained on the previous step of iteration. The results of the calculations show that a pure helium atmosphere would have an almost constant temperature Te = 60 000 -70 000 K both in the clumps and outside of them. If there are nitrogen ions in the atmosphere, then in the intercloud medium the temperature is almost constant and it decreases rapidly in the clumps to its nebular value Te « 10000 K. If rlc >> 1, then the heating of electron gas in the clumps is mainly a result of photoionization from the excited states of He + . In Fig. 1 we give the run of Te inside the clump which is at the distance i?Cond = 5R* from the centre of the star. Here we used the ratios of densities p = 30 (solid line) and p = 100 (dashed line). The run of the mean values of electron temperature in the clumps is shown in Fig. 2 . The fraction of mass contained in the clumps is about 30% of the total mass of the atmosphere and thus the mean value of electron temperature for both the clumps and the intercloud medium is Te = 50 000 K.
Conclusion
The result of calculations shows that the ionization stratification of the atmospheres of WR stars found using the theoretical law Te(r) is practically the same as that derived with the empirical law for Te (Kholtygin 1988) . In the clumps, where the density is larger by 100 times, the electron temperature decreases by three to five times (from 50 000 K outside to 10 000 K within the clumps). The ions H+, C++ and N+ 3 exist only inside the clumps. Thus the coefficient of recombination of these ions increases by two to three times. The decrease of electron temperature in the clumps is to be taken into account in calculations of the continuum and in estimates of the 
